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Zorbas (named by some European media) was a well-defined and strong tropical 

storm. The cyclone formed over Gulf of Sirte on 27 September as extratropical low, but 

in the next days it quickly transitioned into a subtropical, then a tropical cyclone over 

the warm, 25-27 °C waters. It reached Greece on 29 September and caused high amount 

of precipitation until 1 October when it became post-tropical. 
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Synoptic history 

In the last decade of September two cold fronts reached Middle Europe which 

produced significant temperature drop in the area. Before the first front, Tropical Storm Otilie 

formed over the Tyrrhenian Sea, but it weakened fast as the dry air and stronger shear 

associated to the front affected it. However, Otilie’s remnants spent more days near the 

Libyan coasts and produced intermittent thunderstorms. On 25-26 September cool airmass 

behind the second cold front reached the eastern Mediterranean Sea and caused more 

widespread thunderstorm activity. 

On 26 September an upper-level trough also reached the Sea and generated a surface 

extratropical low just north of Libya on 27 September. Due to the favorable upper-level 

conditions and the very warm, 26-27 °C water the cyclone deepened significantly after its 

formation and became a near hurricane-force low by 0000 UTC 28 September. The low 

initially moved north to northwestward over the Sea and produced strong convection. In the 

night hours this started to wrap around the center as the occlusion began (Fig. 3). By 

0600 UTC this convective center cut off from the weakening frontal zone and developed a 

well-defined structure with spiral banding. This led to the subtropical transition of the cyclone 

(Fig. 4). Subtropical Storm Zorbas turned northeastward in the afternoon hours and became a 

bit more disorganized as the thunderstorms temporary weakened. However, in the late 

evening hours a burst of convection fired off on the north side of the center, which remained 

persistent and became deeper and more extended in the next hours. By 0000 UTC 

29 September the convection fully wrapped around the center and the highest cloud’s 

temperature reached -55, -60 °C, while the remnants of the former fronts totally dissipated 

(Fig. 5). Based on these, the cyclone transformed into a tropical storm by this time. 

In the next 12 hours Zorbas produced sustained deep convection directly over its 

center with cloud top temperatures around -65 °C, and it developed a well-organized upper-

level outflow too, thanks to the small upper-level lows around the cyclone. After 0900 UTC 

the tropical storm developed a cloud-filled eye as it approached the Greece coast, which 

became closed for a short time at the landfall, but the convection weakened a bit by this time 

(Fig. 6). After Zorbas made landfall around 1200 UTC, a final deep convective burst occurred 

over the center, but thunderstorms collapsed fast in the next hours as the cyclone moved 

farther inland. Thereafter, the tropical storm slowed down and reached the Aegean Sea on 

30 September, but due to the cooler water and land interaction it produced only moderate 
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convection with cloud top temperature around -40, -45 °C. However, the convective cells 

were still well-structured with spiral bands, while well-defined poleward outflow persisted on 

the north and west side of the cyclone (Fig. 7). The ASCAT passes also showed that the 

circulation remained quite symmetrical. Based on these, Zorbas remained a tropical cyclone 

until 1800 UTC 30 September. After that time, the convection became less organized and 

displaced from the cyclone’s center, so Zorbas became a post-tropical low at 0000 UTC 

1 October. In the morning hours the circulation became elongated and finally opened up into a 

trough around 1200 UTC before Ex-Zorbas reached the coast of West Turkey. However, the 

remnants of the cyclone caused thunderstorms there too. 

Meteorological statistics 

The strength of Zorbas was good estimable based on the surface (Tabl. 2) and ship 

(Tabl. 3) measurements, supplemented with the ASCAT passes (Fig. 8). In Greece numerous 

precipitation data was available too (Tabl. 4).  

Winds and pressure 

After Zorbas formed as an extratropical low, it deepened fast due to the favorable 

condition. The nearby ships also represented this process as they report even lower pressures 

from the afternoon of 27 September to the early morning hours of 28 September. At 

2100 UTC the ship ‘WLMQ’ measured pressure of 1004.1 hPa with 106 km/h (57 knots) 

wind, and based on these data, the estimated central pressure fell to near 992 hPa by midnight, 

when Zorbas reached its extratropical peak intensity. After that, the pressure increased a bit as 

the cyclone transformed into a subtropical low, and the winds weakened too. But when the 

tropical transition occurred, the central pressure began to decrease again. Zorbas reached its 

tropical peak intensity around 1200 UTC 29 September, when made landfall near Kalamata 

on the southwest coast of Greece. In that town the minimum pressure was 988.8 hPa while in 

the nearby Pylos 989.9 hPa, which were equivalent to a strong tropical storm or a weak 

Category 1 hurricane. The pressure gradient was also high in the cyclone; the 3-hourly change 

was 11 hPa before and 15 hPa after the landfall. Over the land Zorbas weakened fast and the 

central pressure increased to 1000 hPa by midnight and around 1005 hPa by the morning 

hours of 30 September, but not much change occurred thereafter. 
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The wind was good estimable when Zorbas was over the sea, because lot of ship 

reports were available and some ASCAT passes also captured the cyclone. Due to the high 

(~10 hPa) pressure gradient between the northern and southern side of the Ionian Sea the 

strongest sustained winds were already around 75 km/h (40 knots) at the genesis, and later, 

when the cyclone rapidly deepened, the winds became even stronger. Based on the 

aforementioned ‘WLMQ’ ship data at 21 UTC 27 September, Zorbas intensified to a near 

hurricane-force extratropical low with 110 km/h (60 knots) sustained wind. After the cyclone 

became occluded and its transformation began, the wind gradually lessened so when Zorbas 

became a subtropical storm at 0600 UTC 28 September its estimated intensity was 95 km/h 

(50 knots). By the late afternoon hours, the cyclone weakened further, but it started the re-

strengthen as new convection develop near the center and the tropical transition occurred. An 

ASCAT pass measured 95 km/h (50 knots) wind maximum 0852 UTC 29 September and the 

ship ‘9HA3047’ also reported 93 km/h (50 knots) sustained winds at 0500 UTC. After that, 

there were no other wind measurements until the landfall. 

At the landfall around 1200 UTC, Pylos station reported 83 km/h (45 knots) sustained 

winds with hurricane-force 121 km/h (65 knots) gust. In Kalamata and in Agios Dimitrios – 

Messinia the highest sustained winds were only 63 km/h (34 knots), but the wind gusts were 

around 100 km/h (55 knots). Although the available measurements were not confirmed, it is 

very likely that Zorbas continued to strengthen until the landfall based on its structural 

improvement. It could not be ruled out that the cyclone briefly reached a low-end Category 1 

status on the Saffir-Simpson hurricane scale when it developed an eye. But as the convection 

started to weaken at this time, and despite the low central pressure the available wind 

observations were too far from that, the estimated peak intensity set to 110 km/h (60 knots). 

After the landfall, Zorbas lost its strength pretty fast as moving through the southern side of 

the Peloponnese. Around 2200 UTC Cavodoro and Cape Paximada still reported tropical-

storm force sustained winds: 66 km/h (36 knots) and 70 km/h (38 knots). After that, all of the 

further sustained wind data were below storm strength, but gusts around 80-85 km/h 

(45 knots) still occurred. Based on these data, the cyclone weakened to weak tropical storm 

with estimated winds around 65 km/h (35 knots) by 0600 UTC 30 September, but thereafter 

held its strength in the next 12 hours that was confirmed by an ASCAT pass at 1949 UTC. 

After that, Zorbas steadily weakened as it became post-tropical. 
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Rainfall 

Zorbas caused very extensive rainfalls in Greece. The most rain fell in Central Greece, 

Thessaly and Attica regions, where the cyclone slowed down and the orography also helped 

to increase the amount of precipitation due to the easterly, northeasterly flow. In Theologos / 

Fthiotida 517.0 mm rain fell within 5 days and the daily precipitations on 29 and 30 

September were 261.8 mm and 213.8 mm. Besides, many Greek cities reported total rain 

amounts above 100 mm, some of them 200-300 mm. In Steni / Evia and Zagora the daily 

amount of precipitation reached 230-250 mm on 30 September. Although the cyclone made 

landfall in the Peloponnese region, it caused mostly around 50-100 mm rain there thanks to its 

faster motion at this time. 

Storm surge 

Zorbas produced huge waves around its center. There was some available satellite-

based altimeter data from 27 and 28 September, when the cyclone was extratropical and 

subtropical and reached its first peak intensity (Fig. 9). These showed significant wave height 

(SWH) between 6-9 m (20-30 feet) in the afternoon hours of 27 September and the morning 

hours of 28 September near the cyclone’s center, when the low reached its first peak as an 

extratropical cyclone. In the second half of 28 September the waves became smaller as Zorbas 

weakened, the maximal wave heights were around 4.5-5 m (15-17 feet). Based on these data, 

the SWH maybe was similar to the first values on 29 September when the cyclone re-

intensified. Some eye-witness videos from Greece confirmed the large waves which caused 

minor coastal flooding. The huge amount of precipitation also produced flash floods across 

Greece. 

Reanalysis data 

Zorbas had been analyzed by ECMWF high-resolution re-analysis data. The examined 

parameters were 300 hPa divergence and winds (Fig. 10), 925 hPa geopotential and 850 hPa 

vertical speed (Fig. 11), 850 hPa equivalent potential temperature and wind (Fig. 12), 500-

1000 hPa thickness and 850 hPa relative vorticity (Fig. 13), 200-1000 hPa thickness and 

300 hPa potential vorticity (Fig. 14) and vertical cross-sections of potential vorticity (Fig. 15). 

The analysis expanded from 0000 UTC 25 September to 2100 UTC 2 October. However, only 

two images are listed here: the first one is at 0900 UTC 28 September, shortly after Zorbas 

became subtropical storm, and the second one at 1200 UTC 29 September, when the cyclone 
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reached its peak intensity as a tropical storm and made landfall in Greece. An animation of all 

reanalysis maps is available here: 

https://www.youtube.com/watch?v=RPxlelFqou0 

The earlier mentioned significant cold outbreak in Central and Southeast Europe was 

very evident on the 850 hPa equivalent potential temperature and on the thickness maps on 

25-26 September. Behind the cold front, a strong anticyclone built out over Central Europe as 

the 925 hPa geopotential maps showed. On the southeast side of this an elongated upper-level 

trough with growing 300 hPa potential vorticity and divergence developed over the Balkan 

Peninsula on 26 September. The southwest part of this trough reached the Ionian Sea on the 

next day and transformed into a cut-off low, which caused surface cyclogenesis north of 

Libya. The synoptic conditions were very favorable: the low-level flow already was 

convergent since the cold airmass reached that area with northerly and easterly winds due to 

the Greek orography; the upper-level cyclone created strong divergence aloft and the strong 

potential vorticity wrap into the cyclone’s center; the temperature difference was remarkable 

on the cold and warm side of the cyclone. Thanks to these, Zorbas rapidly intensified and 

became a strong extratropical low, but it already got occluded by the midnight hours. In this 

process the cyclone developed strong warm core what both the thickness and equivalent 

temperature maps showed very well. The warm water and the favorable atmospheric 

condition generated organized convection already around the developing cyclone and later 

along the cold and occluded fronts which was represented by the the strong updrafts on the 

850 hPa vertical velocity and strong 850 hPa relative vorticity. 

In the morning hours of 28 September Zorbas became a subtropical storm. By this 

time the 850 hPa wind field became much symmetrical with a small less windy area in the 

cyclone center, as well as the low-level relative vorticity concentrated in the center. The 

intense upper-level potential vorticity areas moved away from the center, but weak-to-

moderate potential vorticity remained over the cyclone and its strong potential vorticity tower 

still was connected to it. The 300 hPa wind maps also indicate that Zorbas remained 

associated with the upper-level low, but the outflow started to develop. In the nights hours the 

large upper-level low fell apart into smaller vortexes around Zorbas and they increased the 

divergence over the cyclone. A poleward outflow channel also developed over the Balkan 

Peninsula that stayed there by the end of 30 September. After Zorbas transitioned into a 

tropical storm, it retained its well-defined structure with warm core and symmetric wind field. 

https://www.youtube.com/watch?v=RPxlelFqou0
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The 300 hPa potential vorticity also weakened generally around the cyclone, it remained 

stronger only in the small upper lever vortices. Based on the cross-sections, the cyclone’s 

well-defined potential vorticity tower became mostly separated from the upper-level vorticity 

anomaly, which also confirmed the tropical transformation. As the storm approached Greece 

and made landfall, the 850 hPa vertical velocity again showed strong updraft areas near over 

the land that marked the intense spiral bands of the cyclone. 

After the landfall, the cyclone slowly started to lose its tropical characteristics. 

However, due to the orography strong updrafts still persisted along the eastern coast of 

Greece until the second half of 30 September. The cyclone’s warm core gradually weakened 

after the landfall, but it was detectable until 1200 UTC 1 October on the thickness maps and 

the 850 hPa vorticity also remained quite strong and organized by that time. These confirmed 

that Zorbas remained tropical cyclone by the end of 30 September, when the convection 

finally became much weaker and disorganized. 
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Table 1 Best track for Zorbas, 27 September - 1 October 2018 

Day/Time 

[UTC] 

Latitude 

[°N] 

Longitude 

[°E] 

Pressure 

[hPa] 

Wind speed 

[km/h (kt)] 
Stage 

27 / 0600 32.7 19.7 1009 75 (40) extratropical 

27 / 1200 32.2 19.2 1006 85 (45) ” 

27 / 1800 32.8 18.5 997 95 (50) ” 

28 / 0000 34.2 18.9 992 110 (60) ” 

28 / 0600 34.7 18.9 993 95 (50) subtropical storm 

28 / 1200 34.8 18.2 994 85 (45) ” 

28 / 1800 35.0 18.9 995 75 (40) ” 

29 / 0000 35.7 20.2 994 85 (45) tropical storm 

29 / 0600 36.5 21.2 991 100 (55) ” 

29 / 1200 37.1 22.2 987 110 (60) ” 

29 / 1800 37.5 23.4 995 95 (50) ” 

30 / 0000 37.5 23.6 1000 75 (40) ” 

30 / 0600 37.8 24.1 1004 65 (35) ” 

30 / 1200 38.1 24.5 1005 65 (35) ” 

30 / 1800 38.3 24.8 1005 65 (35) ” 

01 / 0000 38.8 25.0 1006 55 (30) low 

01 / 0600 39.5 25.1 1006 45 (25) ” 

01 / 1200     dissipated 

29 / 1200   987 110 (60) 

minimum pressure and 

maximum wind 

landfall near Kalamata 
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Table 2 Selected surface winds and pressure observation 

Location 

Minimum sea level 

pressure 
Maximum surface wind speed 

Day/Time 

[UTC] 

Pressure 

[hPa] 

Day/Time 

[UTC] 

Sustained (10-

min) [km/h (kt)] 

Gust 

[km/h (kt)] 

Pylos 

 (Greece) 
29 / 1000 989.7    

Pylos 

(Greece) 
  29 / 1110 83 (45) 121 (65) 

Kalamata 

(Greece) 
  29 / 1120 63 (34) 98 (53) 

Agios Dimitrios - 

Messinia (Greece) 
  29 / 1150 63 (34) 103 (56) 

Agios Dimitrios - 

Messinia (Greece) 
29 / 1200 991.4    

Kalamata 

(Greece) 
29 / 1210 988.8    

Sparti 

(Greece) 
  29 / 1210  76 (41) 

Sparti 

(Greece) 
29 / 1250 995.7    

Monemvasia 

(Greece) 
  29 / 1250  87 (47) 

Geraki - Lakonia 

(Greece) 
  29 / 1300  89 (48) 

Kythira 

(Greece) 
  29 / 1500 46 (25) 65 (35) 

Spetses 

(Greece) 
29 / 1540 997.1     

Aegina 

(Greece) 
29 / 1720 997.4    

Cavodoro 

(Greece) 
  29 / 2120  97 (52) 

Cape Paximada 

(Greece) 
29 / 2130 1003.2    

Cavodoro 

(Greece) 
29 / 2140 1004.5 29 / 2140 66 (36)  

Cape Paximada 

(Greece) 
  29 / 2210 70 (38) 90 (49) 

Costea 

(Greece) 
30 / 0120 1000.7    

Cape Paximada 

(Greece) 
  30 / 2010 58 (31) 79 (38) 

Samothraki 

(Greece) 
  30 / 2140 45 (24) 87 (47) 

Kymi - Evia 

(Greece) 
  01 / 0110 42 (23) 81 (44) 
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Table 3 Selected ship reports 

Day/Time [UTC] 
Ship call 

sign 

Latitude 

[°N] 

Longitude 

[°E] 

Wind dir/speed 

[km/h (kt)] 

Pressure 

[hPa] 

27 / 1200 A8ZE4 34.8 19.3 010 / 61 (33) 1011.0 

27 / 1700 9HXC9 36.3 22.5 040 / 93 (50) 1015.0 

27 / 2100 WLMQ 35.5 19.3 180 / 106 (57) 1004.1 

27 / 2100 DGZS2 36.1 19.6 040 / 50 (27) 1011.3 

28 / 0600 WLMQ 35.2 19.9 150 / 91 (49) 1001.7 

28 / 1600 OZDB2 35.2 19.2 180 / 61 (33) 997.1 

28 / 2000 9HXC9 37.4 24.2 070 / 65 (35) 1016.0 

28 / 2300 OZDB2 35.6 17.7 360 / 65 (35) 1007.5 

29 / 0000 DGZR2 35.0 21.1 190 / 76 (41) 1003.3 

29 / 0500 9HA3047 36.9 19.6 010 / 93 (50) 1002.0 

29 / 0600 DGZR2 34.7 23.2 200 / 76 (41) 1009.4 

29 / 1900 9HXC9 37.2 24.5 190 / 94 (51) 1007.0 

30 / 0200 9HA4800 37.1 23.1 270 / 65 (35) 1007.8 
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Table 4 Selected surface rainfall observation 

Location 

Rain 

on 27 

Sep. 

[mm] 

Rain 

on 28 

Sep. 

[mm] 

Rain 

on 29 

Sep. 

[mm] 

Rain 

on 30 

Sep. 

[mm] 

Rain 

on 1 

Oct. 

[mm] 

Total rain 

[mm] 

Theologos / Fthiotida 

(Greece) 
0.8 6.0 261.8 231.8 16.6 517.0 

Steni / Evia 

(Greece) 
41.0 7.4 26.0 247.4 51.6 373.4 

Kelaria /mount./ 

(Greece) 
45.0 17.2 152.6 150.8 3.8 369.4 

Zagora 

(Greece) 
0.0 0.6 62.8 233.0 16.4 312.8 

Vateri 

(Greece) 
1.2 3.6 163.4 117.6 15.2 301.0 

Parnitha /mount./ 

(Greece) 
18.6 22.6 73.2 162.4 20.2 297.0 

Simonos Petras 

Monast. (Greece) 
0.0 0.2 60.6 177.4 39.4 277.6 

Kymi 

(Greece) 
0.0 4.2 11.6 167.4 50.4 233.6 

Skiathos 

(Greece) 
0.0 3.4 49.6 145.6 30.2 228.8 

Papagou 

(Grece) 
1.2 15.8 126.6 73.6 4.0 221.2 

Kleidi / Viotia 

(Greece) 
1.4 6.8 92.0 90.0 8.6 198.8 

Ippokrateios 

(Greece) 
0.0 12.8 76.2 98.2 8.0 195.2 

Arahova 

(Greece) 
19.0 1.8 77.0 93.6 2.6 194.0 

Kryoneri 

(Greece) 
0.8 31.8 138.6 13.6 1.6 186.4 

Argos 

(Greece) 
0.0 36.0 139.2 3.0 0.2 178.4 

Spetses 

(Greece) 
0.0 46.8 129.2 0.4 0.4 176.8 

Malakasa 

(Greece) 
0.0 7.8 55.8 98.4 8.0 170.0 

Kyriaki 

(Greece) 
31.4 17.4 62.0 42.0 1.6 154.4 

Glossa 

(Greece) 
0.0 1.8 57.0 70.0 23.6 152.4 

Agioi 

(Greece) 
0.0 15.8 113.2 18.0 2.0 149.0 

Alagonia 

(Greece) 
0.0 19.6 123.4 3.8 0.0 146.8 
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Perama 

(Greece) 
1.2 9.6 76.0 55.0 0.6 142.4 

Mavrolithari 

(Greece) 
10.6 14.6 57.0 49.6 1.8 133.6 

Sparti 

(Greece) 
0.0 20.8 108.2 1.6 0.0 130.6 

Hydra 

(Greece) 
1.6 44.8 64.2 4.4 0.8 115.8 

Skyros 

(Greece) 
0.0 0.2 10.8 55.8 23.0 89.8 

Levidi 

(Greece) 
0.0 22.4 58.0 3.2 5.6 89.2 

Pylos 

(Greece) 
0.0 7.8 69.2 10.4 0.0 87.4 

Lamia 

(Greece) 
0.2 0.2 24.7 24.0 4.4 76.5 

Kea 

(Greece) 
0.4 27.6 21.6 5.6 0.2 55.4 

Portaria 

(Greece) 
0.0 0.2 7.2 36.4 5.2 49.0 

Lemnos 

(Greece) 
0.0 0.0 5.4 21.4 20.0 46.8 

Piraeus 

(Greece) 
15.1 9.2 7.2 13.8 0.8 46.1 

Kalamata 

(Greece) 
0.0 11.4 31.4 1.2 0.0 44.0 

Agios Dimitrios – 

Messinia (Greece) 
0.0 5.8 35.8 0.0 0.0 41.6 

Milos 

(Greece) 
3.0 29.0 0.8 7.6 0.0 40.4 

Samothraki 

(Greece) 
0.0 0.0 8.0 13.8 14.6 36.4 

Karpenisi-Myriki 

(Greece) 
4.2 3.6 6.6 16.2 0.4 31.0 

Tinos 

(Greece) 
0.0 6.6 0.0 22.2 0.0 28.8 

 Daily rainfall data are between 0-24 UTC 
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Figure 1. Best track positions for Tropical Storm Zorbas, 27 September - 1 October 2018. 

The triangles mean extratropical/post-tropical, the squares subtropical and the 

circles tropical stage. The colors represented the estimated wind speeds (from 

Table 1) at the actual time. The position based on satellite images and ECMWF 

reanalysis.  
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Figure 2. Selected wind and pressure observations with estimated maximum sustained wind 

and minimum central pressure for Tropical Storm Zorbas, 27 September - 

1 October 2018. The stated 6 hourly data mean the maximum sustained wind 

within a 3-hour interval around the marked time in case of all measurements. 
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Figure 3. Infrared and cloud top temperature satellite images of Zorbas at 2200 UTC 

27 September. After its formation, the extratropical cyclone deepened 

significantly in the night hours to a near hurricane-force low, while it developed a 

convective occlusion head by noon too. Source: EUMETSAT / Sat24.com, 

Kachelmannwetter 
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Figure 4. Infrared and visible (RGB) satellite images of Zorbas at 0930 UTC 28 September. 

After its intensification, the cyclone started to weaken by the morning hours, but it 

became subtropical as it developed well-defined center with sustained convection 

and spiral bands. The dissipation of the fronts also had begun around this time. 

Source: EUMETSAT / Sat24.com, Kachelmannwetter 
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Figure 5. Infrared and cloud top temperature satellite images of Zorbas at 2300 UTC 

28 September. In the evening hours persisting and organized deep convection 

developed around and over the cyclone’s center, while the earlier fronts totally 

dissipated and upper-level outflow formed over the cyclone. These contributed 

that Zorbas transitioned into a tropical storm by midnight. Source: EUMETSAT / 

Sat24.com, Kachelmannwetter 
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Figure 6. Infrared and visible (RGB) satellite images of Zorbas at 1115 UTC 29 September. 

Around this time, the cyclone reached its peak intensity as a strong tropical storm 

and developed well-defined tropical structure with symmetrical central dense 

overcast, a shorty-lived eye and well-defined upper-level outflow. Source: 

EUMETSAT / Sat24.com, Kachelmannwetter 
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Figure 7. Infrared and visible (RGB) satellite images of Zorbas at 0845 UTC 30 September. 

The cyclone slowed down after the landfall over South Greece, and the effect of 

land interaction caused fast collapsing in deep convection, but moderate 

convection with well-defined poleward outflow still persisted. The red arrow 

marks the small eye-like feature of the storm. Source: EUMETSAT / Sat24.com, 

Kachelmannwetter 
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Figure 8. Satellite-based wind data of Zorbas between 27-30 September measured by 

ASCAT-A and ASCAT-B sensors. The measurements showed well the cyclone’s 

transformation into the subtropical and then the tropical stage as the wind field 

became even more symmetrical and tighter by 29th. Source: NOAA NESDIS 
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Figure 9. Satellite-based significant wave data (smaller numbers in lines, in feet) related to 

Zorbas on 27 and 28 September The larger numbers show the time of the 

measurements (in UTC). Source: NOAA NESDIS 
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Figure 10. 300 hPa divergence (shaded) and winds (vectors and contours per 10 m/s from 30) 

over the Central and East Mediterranean Sea at 0900 UTC 28 September and 

1200 UTC 29 September. Data source: ECMWF (Hungarian Meteorological 

Service, István Ihász) 

 

Figure 11. 925 hPa geopotential (shaded with black contours) and 850 hPa vertical speed 

(shaded patches, without the -0,5 to 0,5 Pa/s range) over the Central and East 

Mediterranean Sea at 0900 UTC 28 September and 1200 UTC 29 September. 

Data source: ECMWF (Hungarian Meteorological Service, István Ihász) 
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Figure 12. 850 hPa equivalent potential temperature (shaded) and winds (vectors and 

contours per 10 m/s) over the Central and East Mediterranean Sea at 0900 UTC 

28 September and 1200 UTC 29 September. Data source: ECMWF (Hungarian 

Meteorological Service, István Ihász) 

 

Figure 13. 500-1000 hPa thickness (contours per 10 m) and 850 hPa relative vorticity 

(shaded) over the Central and East Mediterranean Sea at 0900 UTC 28 September 

and 1200 UTC 29 September. Data source: ECMWF (Hungarian Meteorological 

Service, István Ihász) 
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Figure 14. 200-1000 hPa thickness (contours per 10 m) and 300 hPa potential vorticity 

(shaded) over the Central and East Mediterranean Sea at 0900 UTC 28 September 

and 1200 UTC 29 September. Data source: ECMWF (Hungarian Meteorological 

Service, István Ihász) 

 

Figure 15. Potential vorticity vertical crosses through the center of Tropical Storm Zorbas 

and its environment at 0900 UTC 28 September and 1200 UTC 29 September. 

The positions of cross-sections mark with thin white lines on Figure 14. Data 

source: ECMWF (Hungarian Meteorological Service, István Ihász) 


